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@ An optical disc and a recording and/or reproducing apparatus having :copy^prQtection: function. 



@ A copy protected optical disc is recorded with 
digital data and a key information fomiing tracic turns 
of a predetermined pitch, in which 'the' digital data 
are converted to a string of signal waveforrns in a 
predetermined encoding scheme defined by the key 
information, the key information ; is recorded in a 
form of single frequency or FM carrier signal modu- 
lating the string of signal waveforms carrying the 
digital data in such a pit configuration that a width of 
the series of pits in a radial direction of the optical 
disc is deviated symmetrically with respect to a 
center of each track turn having; a maximum width 
smaller than the predetermined pitch. And a. record- 
ing apparatus for the -disc comprises a converting, 
device converting the digital t.data into :a string' of 
signal waveforms., in a ^predetermined encoding 
scheme defined by the key /information, a carrier 
generating device generating a carrier sigrial related _ 
to the key information, and a modulating devipe 
modulating a light bean) with the digital data to^ 
gather with the carrier signal and record the data . 
and the barrier signal as a series of pits on the disc, 
whereas a reproducing apparatus for the disc com- 
prises detecting device detecting the recording 



\ 

codes and the key information recorded on the disc 
decoding device decoding digital data from the r^e- 
cording cdideis using the .key information. ' .* i ,^ | 
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BACKGROUND OF THE INVENTION 

Field of the Invention . . . 

^ The present invention relates to an, optical • di^SQ 
and a recording and : reproducing apparatus,, par- 
ticularly, rejates to an optical disc and a recording 
and/or reprpduclnQt apparatus for the optipaj disc 
haying a Gopy^protection function. . ,; ^ , v 

De scription of the Related Art 

A.dcccription is glyen pf the prioi; arts referring 
!o tt>o accompanying dra>o^ings. . , , ^ . , 

Af»9 ^ fragmental plan view showing a 

v r plurality o* information pit rows ;;iorrned on an 
/ opticar disc in the prior art; j , ^ ; 
'F.*Q . ^ rcpfospnts a relation between an infornna- 
tion pit wicJth and a light intensity distribution of 
a laser beam the prior art; 
^ .^10 3 IS a hlock diagram, showing flow, of 
■■ recording sigaal iri the recording device in the 
^ ; prior art; and . ? 

;\Fig. 4 is a block diagram Showing a flow . of 
reproduction signal in the reproducing device in 
the prior art. ; . v. • ,., •. .^^ w 
In Fig. 1, a reference cliaracter 11 designates a 
first information pit row, 12 a second information pit 
/ow, , 13 a, third Infprmation. pit row, 1 1 A a first 
infprmeition pit, II B a secppd information pit, 11C a 
.third information pit;^ L^tA a "first, inforrnatipn ^pit 
length, Lub a second.infprmatipn pit length, Mic^^ 
vthird-information ,pitr length, P,4ab an interval be- 
,:Jween ;the first information pit 11A and the, second 
^nfornriation bit 11B. Pubc jaiit|nterval betwppn the 
: second inforrnation pit 11B arid the third informa- 
{jon;.pit 1 1C, "Wk" a yviditi^pf pach pf . the forma- 
tion pits llA, 11B, lie, "q" a pitch iDetween neigh- 
boring infornaatipn pit rows.., ; [. 

\n Fig, 2, a reference character 14 designates; a 
. recording master disc, .15 a photp^resist, 16k the 
Jnformation pit, and 17k a Jight intensity distri 
-curve of a laser beam... , . 

i r In Fig. 3, a reference character 50 designates a 
i recording device,, ; 51 . an- encoder, 52 . a 
photomodulator, arid 52a a laser , bearn. carrying: a 
; series of recording, codes. : ^ , , , : .7 . 
. In Fig, 4, a reference, character. 55 designates a 
reproducing device, 56 a ,Cp (Compact Disc), 57 
an optical pickup, 58 a RF amplifier,, and 59 a 
...decoder. , . : * ; - -a, 

Next, a description is given of an outline of an 
... eptical disc apparatus , for the XD recorded yvith 
'inusic as an example. 

First of all, an outline pf a recording by using 
( ' the ^recording: device: 50 for. the CD. i.e., an outline 
- of: a master disc cutting, is described, as. follows: 



As shown in Fig. 3, sound signals are con- 
verted. Into a predetermined digital data by an A/D 
converter (not shown) and the digital data are in- 
putted to the. encoder 51. These digital data are 
5 converted into a waveform string on the basis of 
predetermined conversion rules by the encoder 51. 
This wavefprrri ^ string is inputted to the 
phptonriodulator 52. This waveform string is am- 
plified by the photomodulator 52, and |s converted 

.70 into a series of recording codes for driving a laser 
generator (nbt shown), the laser gerierator gen- 
erates a laser beam 52a carryinig a series of re- 
cording codes as an intensity modulated light 
beanri. in response to the series of recording codes. 
15 The photo-resist 1 5 coated on the recording master 
disc 14 is exposed to the laser beam 52a carrying 
the series of recording codes, so that exposed 
portions to become inforrnation pits are formed in 
iaccordance with the series of recording , codes. 
20 Thus, an information pit pattern is formed on the 
photo-resist 15 by » causing the photo-resist 1 5 to 
be developed. Rom the recording master disc 14 
provided vvith the photo-resist 15 having . the in- 
forrnation pit pattern, a stanriper (not shown) is 

^ 25 /formed through predeternnined processes. A replica 
pf thp. inforrnation pit pattern forrned ;ph the photo- 
resist 15 is transiferred to a pwlycarbonate sulistrate 
,by Jnjection^rnplding oi ppiyc^Lrtxonate resin, using 
the stamper as a Thus;, the. CD 56 is 

,,30 , pbtjained by pprfprrriing a predeteni^ 

,,on the pplycarbbriate substr^^ , ./ . 

... V Next, a. description- is given of a sfiape of thes 
information pit. 

In Fig. 1, there are shown, the first, second and 

^,35 third Jnfornnation rows 11, ;I2', 13. on. the QD 56 
i, as. examples of the information pit rows. The in- 
Jformation pit rows 11, 12, ,13 are disposed along a 
single spiral track having a pitch between the in- 
..formation pit rows being is made a fixed value of 

, A width of each.of the information pits 11 A, 
^r^lB, lie "pf which the informati^^ pit rows 11, 12 
^^^nd 13, are. confiposed, has a fixed value "Wk", but 
\ilengths LiiA,' Ljii^, .Liiq . thereof and inten/jals 
: 45 .JRiiab:vPiibc : th subjoct to Change cor- 

, responding, to the series of the recording codes, 
"^e^./^ Thp width "Wk" of each of the inforcnatipn pits 
7 ^Ia.: lip. and 11c i^^ deterimined by a light 
jnterisity: distribution. 17k of a laser beam used to 
.50 irradiate the photo-resist 15 on the recording nrias- 
ter 14. SpeciificaHy, in iFig. 2, the laser beam 52a 
has the light interisity. distribution 17k,whereir) the 
ordinate represents an intensity of the la^ser beam 
(spot) and the abscis:sa represents a radial position 
65 of the recordirig master disc 14 or the CD 56. 
When .a width of the laser beanri having a light 
' intensity more . than a threshold value for ..exposing 
the photo-resist 15 is "Wk", a dprnain of the phpto- 
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resist irradiated with the laser' beam having the 
Night Intensity more" than the thresholcl value is 
turned into an exposed portion having a width^df 
"Wk". The exposed portion is soluble ih a develop- 
ment solution due to a photo-cherhica! 'reaction, so "s 
that it' becomes a pit 16k caused by; a predeter- 
mined development process. Thus, the informaition 
pil rows are formed TOrresponding to the series df 
recording codes. . ' 

On the other hand/ the lengths LifA, tins. biic '^o 
"• of the information pits and the intervals Pii'ab. 
Pi,Bc, 7" tHerebetween' are' detefmiried b^ a high 
intensity duration, and a low intensity duration (OFF 
when a threshold cbntrbl is provided) of the laser 
beam, respectively. ' " ! 'is 

Next, a description is given of an outiine of the 
repr6ducing apparatus 55. ' ' ' \" 

, As shown in Fig. 4, the Ihformiation pit rows on 
the CD 56 are constantly irriadiated with the laser 
beanri^by a laser element' which Is oti^ of compo- io 
; nehts' of the optical pickup' 57: As a ' result, the 
irradiated laser beam is reflected from a surface of 
.the CD 56 as an intensity rhodulated beam "of light 
resporisiye to petitions arid shapes of the ihforma- 
tioh pits.'Reprodiiction sigriafs ^^^^^ by tKe '25 

optical pickup 57 which (cjetelcts * thus ' modulated 
reflected b^m'(^^^^^ [ !''V XV^ '"^Z. . ' 

; . The reprodudtibrf^ are iViputted'to fr^^ 

f afTipRfier 58. Afte^^^ ampliti^d iHer^l^^^^ the-Teprodud- 
' ' lion' signals are outputted jas w^^^ strin'g^'ahd 
are inputted to the' decoder 59 afteV' hiavih^ 'sub- 
jiBCted to a wave equalization and tb a discriminat- 
ing process (not shown). * 
From the decoder 59, a series of data are 
" obtained by an inverse conversion of the serieis of 
'codes recorded on the CD 56; iarid ;tHe series of 
data are converted into 'sound sigrialis by 'a 'D/A 
converter (not shown): - ' ' ' 

'When music infonmatidh such as abbve^'iahd 
picture or character information is in a form of 40 
" digital information, quality' bf the iriforhiation is not 
' degraded upon copying oK transferring thejnfprma- 
/'tidn 'because of'' *an inherent "cHaracteri^tic' of* 'the 
digital information * transmission; compared- ' with 
analogue form thereof. 'this' causes a 'problem * of 45 
infrihgemerit of "copyright; Thus; it is reqiiireci 'to 
, inhibit 6r to limit a perfect cbpy of the* digital 
intormation* as it is (referred td as a digital copy 
hereafter)/For example, there' is proposed a coun- 
termeasure referred to as the' Serial Cdpy Manage- * 50 
m^nt System (SCMS) adopted' ib the Mini Disc 
I (Mp) against the digital copyV'^^*"^ ' 

in the SCMS. a prdtecf ccile (or a key' code) 
\ lot dopy permission s copy inhibition is* included 
'* in a part of 'digital informationi recorded on the MD, 55 
* and wheii' the digital copy is perfdrrned of the MD, 
the copying the MD beyond one generation is 
intended to beMnHibited' by causing an MD appara- 
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tus to refer the protect 'cord ' ' * ' - **- * ' ^ ' * - ^ ^ 
Specifically, the protect code is written within 
an area of a table of contents^ltreferred'to^as TOC); 
If a code of "non-protect" is written in the TOC of 
tRe ' MD, the' Mb is able Uo' be copied: When the 
MD has been copied ontb'a first generation' copy,' a 
code of "protect" is wntteil in its area of TOC. If 
the code of "protect" is- written therein; -the MD -is 
unable to be copied td produce a second genera- 
tion copy. Thus, the MD is prevented from being 
copied in two or mbrk generations..- 

In the above SCMS, the protect code is written 
•in ' the* part of the infofrhatidn^ recorded in the MD. 
and the copy permission^ or the copy inhibition of 
the MD' is deterniined by the MD apparatus refer- 
'rihg to the protect^ code written 'ih the TOC. Thus, 
in a case where the information recorded on* the 
Mb is directly- read out as it is without decoding 
and^thei information read oiit is' written in another 
disc as it is, the information including the protect 
code dan' be* copied as -it is 'regardless of the 

• contents of the' protect code*.' This enables the MD 
to be copied through many generations, thus, the 

illegal copying can riot be prevented by the SCMS. 

.V, '. : . - • . .^, 

SUMMARY OF THE INVENTION 

' -\ ' Adcdrdinigly; a gendral object df the present 
Invention iS' to provide a novel and -useful opticial 
'• diidc arid a rleciirdirig and/or reproducing apparatus 
''haVih'g dopy-prdtectibn^^unctiori iri-which'^th^ above 

- 'disadviahtage^ has bebri elirrim^ated:" ^ : - . iv^^ 

A more specific object^bf^the' preseritHnvention 
' i^ tb' prdvide ah optical disc arid ""ah iritor.tiatibn 
'VTCoVdin# ahd *-Vbprbducing apparatus Capable' df 
^'prevbnting- the illegal copying of the optical disc by 
causing the' protect code^-iriipossibie to beVead out 
•'as' it 'ls~**'wheri -the iriformatiorv^ recorded 'dn'^^^t^^ 
optical disc is read out^^ih *a cdrivehtiorial 'irnanner 
by the^coriventidrial rep^^^ apparatus^. 

Another specific object of the 'present ihvehtibn 
•'Ms Ho provide a copy protected optical disc optically 
recorded with digital data aricl' a'key ihfdrmatioh'as 
^a ierids of pits-forming track turns of a predeter- 
mined pitch on the optical disc, the digital data 

- being * converted- to a* slrifig of signal waveforms 
according to a predeterimined ■ encoding' scheme 

• defiried by the key information, the key information 
being a form of carrier signal modulating the string 
of signal waveforms carrying the- digital- data in 
such a pit configuration that a width of the' series of 
pits ' -in ''a radial direction of tiie opticaf disc is 

" deviated symmetrically- with respect to a center of 
each track turn having a maximum width smaller 

^ than the predetermined'pitch.' / 

-Another specific object of the present invention 
is " to provide a copy protected optical disc Record- 
ing apparatus comprising, means for receiving digi- 
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tal data and a key information;) means for. convert- 
ing the digital data into a string ol signal waveforms 
according to a predetermined.;'ehcoding = schemer 
disfihed by the key information; meansdor generate, 
irig a carrier signal hiaving; a predetermined reidr 
tiohship with the key informatipn, and means rfor 
modulating a light beam with: the string of signal 
waveforms carrying the digital datartogether . with 
the ciarrier signal producing a series of recording 
codes; Wherein both- envelopes of the series of 
recording codes are modulated by the carrier sig- 
nal, and for optically recording the series of record- 
ing codes thus iThodulated as a series of pits oh an 
disc to be copy protected^ ' -f-r.^'- ^ 

' Another specific objSect of the present invention 
is to provide a copy protected optical disc re- 
producing apparatus comprising, fiirst dietecting 
means for optically detecting and reproducing a 
series of recording codes recorded as a series of 
pits on a copy protected optical disc, and a carrier 
signal carrying a key information and modulating 
both envelopes of the series of recording codes, 
second detecting means for detiBcting the key in- 
formation from the carrier signal, and decoding 
means for decddirig digital data contained in the 
series of recording codes in a string form of signal 
wavefomns by using the key information detected 
by the second detecting means: 

Another ispeciflc object of the present invention 
is to jDi^dvide a copy protected -optical disc record- 
ing and recording apparaitus comprising, means for 
receiving digital data and a^key^informationi means 
for converting 'the digital diatat into a string of signal 
wavefdnfns according to a predetermined encoding 
scheme defined by the key^informatioh, means for 
gjenerating a carrier signal having a predetermined 
relatibriship with the key information, means for 
mbdulatihg a light beam with the . string of signal 
waviefdrnris Garryinig the digital data together with 
the carrier signal producing a series of recording 
codesr wH<9reiri both envelopeis of the series -of 
recording codes are^^ m the carrier sig- 

riali ^nd for optsdally recording the series of r^cord- 
-irig codes thus modulated as a series of pits on an 
■disc to be copy protected, 'first detecting means for 
optimally detecting and reproducing a series of re- 
cording codes recorded a$ the* series: bf pits on the 
copy protected optical disc, ? and a carrier -signal 
carrying the key information and modulating both 
'envelopes of the series of recording codes, second 
detecting means for detecting the key information 
from the carrier signal, and decoding means for 
decoding digital data contained in the series of 
recording codes in a string form of signal 
"waveforms^ by using- the- key information detected 
'- by the second detecting means/ < : . 



BRIEF DESCRIPTION OF THE DRAWINGS 

.i Pg; l/ is a fragmisntal : plan, view showing a 
plurality of information pit rows formed on an 
5' optical disc in the prior art; 

>; Fig. 2 represents a-relation between an informa- 
, tion pit width and a light intensity distribution of 
a laser beam in the prior art; 
Fig. 3 is a block diagram showing a flow of 
10 recording -signal in ,the recordirig device in the 
prior art; 

: Fig. 4 is - a block diagram showing a flovy of 
reproduction signal in the reproducing device in 
the prior art; . 7 < ^ i ■ 

7.6 Fig. 5 is a fragmental plan view showing a 
plurality of information pit rows formed on, the 
optical disc of a first embodiment of the; present 
. invention; - ; 1 

> . Fig. 6 represents a relation between: a width of 
20 the information pit on the optical disc of the first 
• : embodiment and a Jight intensity, distribution of 
a laser beam for recording, wherein (a) shows 
light intensities of the laser, beam and (b) shows 
V- pit cross sections alpng line,M-M; arid line N-N* 
25 ofRg..5;.'j ^- r / J-. : 

r Fig.; 7 is a; block rdiagram showing flow of re- 
^ cording;^ signals /m a recording, device of the first 

embodiment in the , preser>t invention; - 
vr :R9- is .a .bio showing floyvs of 

:30 ^;^;;reproduGt!onnsignalS: inra .reproducing ^device of 
.m : the first embodiment in the present inverition; 

Fig. 9 shows a reproduction signal (a series of 
• recording codes) in the information reproducing 
: apparatus of the.first: embodiment in tiie present 

336 .\r invention; • ' 

; Fig. 10 shows avdetected signal havirig passed 
VM an LPF Jn the information reprojducing apparatus 
i ;rof the first embodiment in thei present invention; 
:r :tFig. 11 is a block diagram showing flows of 
C 40 ^ J recording: signals .in a- recording device, pfr-a 
second embodiment in the present invention;; 
; . 'Fig. 12 is a block rdiagram showing flows of 
reproduction, signals: in a reproducing^ device of 
[ the . second embodiment;in the present inven- 
<45 ■:. '-'.tion;"-- • K ' r - 

.v\.!Fig. 13. shows a reproduction signal (recording 
I code string) in the: information, reproducing ap- 
paratus of ther second embodiment., in : the 
present inventionis.. 
50 r J Fig.. 14 shows detected , signals having passed 
: i'f' .an*LPF1n the Information reproducing apparatus 
of the^second^embpdiment in the. present inven- 
j tiori; :.. ). J 7 ■ - ' ' 

Fig: 15 is a block: diagram showing: flows of 
56 . recording signals in a recording device of . a third 
. J embddiment-ln the present invention;, and ' 
. Fig. 16 is a block diagram^ showing flows of 
recording signals in a recording device., of a 
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fourth embodiment in the present invention. '^^ 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

A description is giveri of an embbdirtient of the 
present invention ref err! rig* to accompany ihg 'draw- 
ings. '•' ' * ** • * 

( A' first Embodiment of the present invention) io 

' Rg. 5 is"' a fragmenfel' plan --view 'showing a 
^ plurality' of information- pit rows formed on an 
optical disc of a first embodiment of the* present 
invention; - ^ ^ 

Rg. 6 r'epl'esents a relation between a width of 
' the information pit on the 'optical disc of the first 
embodiment and a light Intensity distribution of 
' a ISaser bearn for recording, wherein (a) shows 
" "lighi intensities of the laser beam i^ahd (b) shows 20 
pit cross sections along line M-M' andMine'N-N' 
of Rg:5;- ^ • ' • . - - 

Rg. 7- is a" block diagram showing flows of 
recording signals in a recording device of the 
first embodiment in the present invention; = >25 
Rg. 8 is a^ block' diagranri showing >f lows of 
' reproducing" signals in a reproducing. device of 
the first efribodimeht in^the^present invention; 

• ' Rg/ 9 shows - a reprbductioh^jsignal" (a series of 

- recbrcJing cbdeS) in the* information reproducing <3o 
apparatus bf^the' first embodiment in the present 
invention; ahd^ c ^ • . ^ ^ . H 

: Rg: 10 shows a detected signal haying> passed 
^an LPF in the information' reproducing - apparatus 
of the first embodiment in the present.invention. -35 

' In Fig: 5, a reference character t designates a 
first information pit row^ 2 a second- information pit 
row, 3 a'third irifbrmationipit row; >1A-a.first informa- 
tion pit, IB a second information pit, 1C a third 
information pit, Li A a first infornhation pit length; Lib ^-^o 
a secbhrf information pit length'/ tic a third^nforma- 
tion pit length;' Pi >iB an^linterval between thei first 
'information 'pit' TA and the*' second- Infomiation pit 
'1B, PiBc'sn interval between the second informa- 
tion pit IB and the third information pit lC,t "Q" a 0:45 
pitch between^^neighboringi pit' rows.i 80 an -outer 
contour of the pit- rowsv and .8i an inner -cohtour of 
the same with respect to a center iOf .disc:'>K r?iO 

In Rg. 6. a reference character 4 designates a 
recording master disc, 5^ photo-resist; "Wm^ a pit yso 
width along M-M'< cross section. "Wwr "a pit width 
along N-N* cross section, 6M'a pit portion having a 
M-M' cross section. 6n a pit portion at the N-N' 
cross section, 7m a light inten.sity distribution-curve 

• of a laser beam fcr forming the.pit:.portion 6m at the * 55 
M-M' cross-section. 7n a^ light, intensity: distribution 
cOrve of aHaser beam for forming the pit F>ortion 6n 
having =N-N' cross-sectioh.j * . ^* * - 



. In Fig.' 7. a^ reference. character .20 designates 
recording . * device' ^ 2^ ?an encoder; . .22 r :a . 
photomodulator,^'22a^a. first >photorTnodulatori 22b a 
second'photomodulatorii 23 a. frequency generator 
(FG)», 24 a'^laser;: 24a a laser beam pscillatori 24b a 
laser ' beam carrying" a - waveform string,? and 24c 'a._ 
laser beam carrying! a series of i-ecording codes: - ,-r 
f.w In Fig^'B.ia reference; character 25 designates.aw 
reproducing device^ 26 a CD, 27 an, optica! pickup. ? 
28 an^RF amplifier, 29 , an LPF (low: pass filter);. 30 
an' A/D -converter, '31-. a. decoder., and:- 32 a. micro- 
processor.; 3* St.- ;>•-. x-\ -c .) ■; 

>ln Fig. 9. a reference character 33- designates. a 
reproduction signal (a seiies .of recorfJed. codes), 
34u an upper envelope. r34L- a low^r^envelope and 
35 am information signal. ' a r r * ; a 
lnr(Rg..tO. a reference character 34 designates; 
a detected signal having: passed theXPF 29. 
- An Figs. v7 andi Biran. arrow represents a flow 
direction of the . signals. ' , 

' -First of all, a description is. given of tiie~recordr 
ing device (recording master cutting machine) 20; 
of the first embodiment of the present invention. . 
: Referring to. Fig. 7^ sound ..signals are, coor. 
verted into d predetermined digital data by an A/Q 
converter "(not shown) ' .and .the digital data are ^in- 
putted- to the encoder. 21. These digital ;data are 
converted into a waveform string on the v basis » of 
/predetei'mined conversion- =rules. by the encoder 21. 
Further; this wjayeform cString ^is -converted jritp -a 
iwaveform .string: inherently, converted by^ a ^key jiri; 
^iformation on a protect code by. .the :^ncpder-2f1f^a^^ 
.it Jijs*. butputted. asr lanptherc waveform iStriog.r This 
: waveform : stringrcxis inputted,: : to, -.first 
iphotomodulator 22a Of 4he photomodulatpf 22. ^j- r; 

< On the other hand. the.key:infornriatipn,ls Jnput- 
stedito the FG, (ft-equency^generator) 23. The,.F(3:23 
igenerates: 'a signal of- a single low. frequency'.cpr- 
resF)onding/*tov.the key information. The,signaUp.w 
: frequency signal r?is ;:' inputted :,:to. . the >^ secondv^ 
photomodulatoc 22b of . the^photomodulatpr 22< / . 
-r.-': The Jaser beam;24a'.iSAConstantly emitted;j3ntp 
-ithe photomodulator*: 22 . ibyvthe. laser •24.; At fir^t, 
when/ the laser^beam . 24a passes throught, the first 
photomodulator 22a, the laser.beam oscillatpn-is 
• modulated according.ctoothe-wayeform.; string sup- 
plied thereto, so.. that* Iti^bepomes. the Jaspp; beam 
.24b carrying a wavefomi string, a, light intensity of 
the laser beam :24b is nnodulated-jin time domain. 
Next, the -laser beam 24b is inputted to the second 
photomodulator^ 22b; :*When the . laser, bearn ;24b 
passes through the -secp^id' photomodulator 22b. 
i the laser beam is further modulated with the single 
frequency signal supplied from the FG 23,. so that it 
is converted to the laser^bearn 24c ^carrying .of .the 
series of recording codes^ of which waveform- has«a 
similar figure to the series of recording code 33 
shown in Rg. 9, 



5 



9 



EF! P 635 928 A1 



10 



The photo-resist 5 on the recording master 
disc 4 is exposed to the laser, beam ^4c , carrying 
the. series ofj. recording codes;; and the.: exposed 
portions ' to^r become informationrpits corresponding 
to the series of recording codes 33 are fornried 
thereon ass concentric of spiral; track turns: Thus; an 
Information pit pattern is formed on the% photo-resist 
5 by causing the exposed portions. to be. 5 devel- 
oped. . t 

From the recording master disc 4 provided with 
the > photo-resist 5 having vthe information pit pat- 
tern, a stamper (not shown) Is. produqedq^throggh 
predetermined production processes; The replica 
of the infornriation pit pattern is formed on a poly- 
carbonate: isubstrate byolnjectidn-molding. of poly- 
carbonate resin using the stamper as a metal moid. 
Thus, the CD 26 is obtained by applying a pre- 
determined prociesslng to the polycarbonate sub- 
strate. • • ■C'-' ■• •;. - 

Next, a description Is given of a shape of the 
information pit: s ^ - ; 

■In Fig. 5, as examples of information pit rows, 
the first, second and third information pit rows 1, 2 
and 3 are shown. Each of the information pit rows 
1. 2 and 3 is disposed along a spiral track with a 
fixed pitch "Q". A width of each of the information 
pits 1A, - IB and :1G. ".which forms the information 
pit row, changes symmetrically with respect to a 
center line of 'each of the Information pit.rows 1* 2 
and 3/ : and also ^changes periodically . along -a ;Clr- 

ccumf erential line (in a form of concentric or spiral 
■ track form) of the pit row: A maximum width of the 
information pits :1A, I B and lC -is controlled I0 be 

^ less than the . pitch rot the track turns. Each of 

" lengths Lia, L^b. Lie *" of '^the information pits 1 A, 
I B, 1C ■ is determined by a high intensity time of 

-'the laser beam 24c carrying the series of recording 

t>codes, --and each . of the Intervals Piab.^ Pibc 
thereof is determined by an OFF time (below the 
provided threshold level) of the laserjbeam 24c. 

' ^ V A width of each of the information pits is deter- 
mined by a light intensity distribution of the laser 

^ beatTi> 24c carrying the vseries of recording codes 
for irradiating the; photo-resist 5 on the recording 

'■^'master '4,^ ■ ■ y':iw^y^'^-i -r/ 

Referring to Fig-. 7, the laser beam 24a continu- 

-ously emitted from the laser 24 is modulated in 22a 

' With the waveform string supplied thereto fas a first 
"modulation signal, resulting the laser beam 24b 
outputted from the first modulator 22a. The laser 
beam 24b Is' further- modulated in the.vsecond 
modulator ' 22b with the ; single frequency signal 
supplied . thereto as a second modulation signal, 
-resulting the laser beam 24c outputted frpm the 

^second modulator 22b. Intensity of the laser beam 
24c "changes. ' as modulated . according to the 
'waveform string derived from the information sig- 
nal: ; However, when the - laser's - high intensity 



periods are contemplated, an instantaneous laser 
power varies in response to a frequency of the 
smgle,low> frequency signal, that is, the light inten- 
sity -distributions 7m., ^7^| • ""of the laser beam 24c 
5 carrying the series , of recording codes Is subject to 
change, in ^resppnse to a, frequency of the single 
low frequency signal,, as the frequency of the single 
ipwr.frequericy signal is ^ much lower than the fre- 
quency of the waveforrT) signal. When such a signal 
:io as recorded is detected in reproduction, a 
wavefprm of: reproduction signal 33 is observed as 
shown, in Fig. 9, which indicates that the Jritensity 
of the lasen bearn 24c is modulated largely by the 
)ow single frequency signal generated by^ the FG 
-lis 23, and is superposed (as an additional modulation) 
. with the information signal .34, an amplitude of 
which is defined by an^ upper envelope 34u and . a 
lower envelope 34l. 

Next, referring to Fig. 6, a description is given 
,20 ;Of: relations betw€fen the light intensity .distributions 
of the laser beam 24c . and. the widths of the , in- 
^fprmation pits. ' 

, The cross sectioris along line M-M' and N-N' in 
Fig. 5 , are shown in; Fig., 6(b) .as both, the pit 
- 25 ...portions 6m and: the pit portion 6n which are formed 
on the; photo-resjst 5 of the, recnrding master 4. 
Fig. 6(a) represents the light intensity distribu- 
t ; tipns of ^ the laser bearri 240 , of the series of record- 
rjing^ codes, wherein ne/ir ordlnfirt^^ represents light 
r>. 30 KlDtensity I arid van siiscissa represents positions jn 
the radial direction of the, recording master. 

: - In; Fig. 6 (^), there are shown the light intensity 
.distribution, 7m for forming the pit portion ,6m having 
.r;a cross section .along the jine> M-M* and the light 
^35 - v intensity distribution. 7n for forming the pit portion 
,6n . having a cross section ialorig the -. line N-N', 
-^respectively.: r : ...i-rv:,',. 

/\\rf ,*As .seen from . Fig; 6(a), in the case, of forming 
the information pit portion 7m along the line M-M', 
n 40 the width of the laser beam 24c hayirig the light 
i intensity more than a threshold value fpr irradiating 
i^.the;photo-resist,5,is "Wm". thus. the information pit 
^ , portion' 7M-has:,a width of "Wm". similarly, in the 
case of forming the infprmatiori pit portion 7^ hav- 
> 45 , : ing along the line N-N*, the width of the laser beam 
r 24c, is "Wn", thus, the inforrnatlon pit -portion 7n 
v^hasa width of ^Wn". v 1 7 

Accordingly, along the circumferentially ex- 
tended information pit rows,, the widths of exposed 
50 portions of the photo-resist 5, which correspond- 
ingly become the Information pits, changes to form 
the outer contour 80 and the inner contour 8|. 
■ These outer and inner contours 80, 8| are symmet- 
rical to each other with respect to a center line of 
^ 56 the information-pit row 1 and the; configurations of 
.- the outer and Inner: contours 80, 8| are similar to 
those of the envelopes .34u, 34l shown in Fig. 9. 
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' Next, a* description is given of an outline of the 
reproducing device 25. ^ • ! 

' As shown in Rg. 8, the laser beariri' Is con- 
stantly irradiated on the information pit roJws on the 
CD 26 from a laser element which is one' of the '5 
cbmpionents of tfie optical picktip 27. Reproduction 
signal is obtained by the optical' pickup '27*" by 
detectihg intensity changes of reflected light of the 
laser beam coVresponding to the -shapes and inter- 
vals of 'the information jDits. - " -io 

' The reproduction signal is* inputted to the RF 
amplifier' 28.''After' amplified, the reproduction sig- 
nal is outputted -as a waveform string and^is input- 
' ted to' the decoder 31^after having -isubjected to k 
'wavefbVrn equalization and a discriminating process ^is 
(not shown), wherein the waveform 'string 'has 
waveforms of the information signal 3S having the 
envelopes 34u, 34l shown in Fig. 9 corresponding 
to the changes of width of the informatibn pits. 

- "The same waveform string is also - inputted to ' 20 
the LPF 29 where the' ihfdrmatioh signal is re- 
moved. In Fig. 10. there is shown the detected 
signal ^4 having parsed thrcAigh the LPF 29; which 
' is the same wbvefbrm as that of the signal of the 
single frequency 'sighar'used--f6r the-moSlulatibrT to ~ 25 
produce the afbrerfieritidhed^ seHes ^^bf Ve^ 
codes- The detected sighar-34 having p^^ 
'through tfie LPF is taken but as the key infbrmatibn 
formerly used in the-recording prbc'esSi by theVA/D 
^' converter 30, and is inputted'te thfe 'imicroprocessbr f-»^30 
32 for contix>liing the- reproducing device 25/' ^-^^ 
'The "wkvefbitTi string ^is d^^ by causing 

' •th6 mieroprocessbr 32 to verify th^^contents df-^the 
^- key interhriation and to control the*^dec6der 31- to 
perform • ah inverse conversion of the ericodihg ^^-35 
whi'ch 'Was perforriried in thiB i'iBcdrding.^ Thus,?^.the 
digital data are obtained, which are-'converled^-to 
the^^soiind signal of the - original data by- a D/A 
cbiriverter (not shown). ' ::.:^':r,> ..Hj 

' A^ seeh'frbm the above descriplidn. W 40 
- information' pit- row * has * ho chahge in the*' width 
' direction, 'the wavb string is hot detected becaDse 
bf the absence 'Of the' 'key information, thtisrthe 
' diata can hot be reproduced ^ • . • ' ' - - ^ " 

Fcirthei-. in the base where the * infonnhatibn^pits 45 
' are reproduced by using la cbriveritibnaU CD -re- 
producing device, the reproduction signal rhay be 
obtained, but the sound signal can not be obtained 
because 'of the absence of the key inforrhatibn. v. 

(A second embodiment-of thepreseht inventibh^) 

Fig. 11 is a block "diagram * showing flows of 
recbrdirig* signals , in a'recordirig * device -of a 
second embodiment in the present* invention; 65 
Rg; 12' is a* block^ diagram showing flows of 
^ reproduction signals in -a reproducing -device of 
the second emfc)odiment in the present inven- 



^^• tibh- v-^vv^"? - f" ' >r; 
Fig.- 13 shows reproduetton^ signal 1 (a series . of 
recording* codes) -in 'the information reproducing 
apparatus of* the second? embodiment. In*nbe 

-■•present invention; and-/. ^ ' ■ -j-i' ' v : 
Fig. 1 4 shows :a. detected signal having passed 

•-'^^iairi LPF in the information repfoducirig apparatus 

- ' bf the second embodiment 'in 4Ke present inven-- 

tion. ■ 
Referring now ' to the above drawings.- wherein 
like reference characters; designate .corresponding 
parts 'thrbughout^several views.- *; -c . , * ■ 

• ^ cih Fig.' Ili a reference character 40 designates 
"a"Vecdrdihg' device and 43 an FM modulator, ^r'-. \- 

In *Fig. *j| 2; a reference character- 45 designates 
a' repi^bdiicihg • device, .46 a* CD, and 50 an FM 
demodulator. ' 1:- ^^ 1 r- v! - 

At the ttegihning, a? description , is given, of ;'a 
recording device (recording master cutting *.ma- 
bhine) 40 of the second embodiment' of the, record- 
ing apparatus according to the present invention. 
v ' * In Fig. 13, a reference character 36 designates 
a reproduction signal ( a series of- recording 
^cod^s); 37u an upper envelope. 37l a lowert.en- 
-velope and 38'information signals. . ; 
n In Fig. 14, a reference character' 37 designates 
a detected signal having passed through^the LPF. 

* As>shown* in Fig. Hil , sound signals are con- 
averted into j predetermined": digital data: by ari.-A/D 
' converter (not shown)iand.:,t!ie : digital •data.?areiin^ 
*^putted~to the encoder .21. These digital, dataware 
•1 dbnverted intO: a waveform - string? on thevbasis, of 
^^^prbdete'rmined conversion rules<by4;the encoder^ 21 . 
' Further, this'iwaveform string^'is iconyerted- into^ a 
^waveform string' inherently converted . byia:,key 'jn- 

■ formation or a protect code in the .encoder;21 and 
jis* outputted^ as ' another: -waveform; .string.- j This 
>wiaveform* string^ ; iSi^- inputted - to ^ .the sfirst 
e photom6dulator22a of the photomodulator:22..>j'r 

On the otheri hand,: the key information isrinput- 

- ted to:the FMrrnoduiator 43. The FM modulator 43 
''.generates^ an FM iSignal.icorresponding ,to tiie^key 

•informatibn. ^The^ FM-signah is inputted , to Jhe. sec- 

■ ohd photomodulatorc22b ofrthe phbtomodulator 22. 

The laser beam 24a is constantly emitted .onto 
-* the photomodulator 22 from' the laser .bearTi loscilla- 

• tor 24.* At first. when> the laser ..beam ; 24a passes 
i through the ffirst ; photomodulator 22a, the laser 

beam 24a is rhodulated 'according to the: waveform 
. string, so that it - becomes' the laser b^am •24b 
^carrying a waveform string, a tight intensity of the 
laser beam 24a isjriodulated in time domain. Next, 
when the laser beam. 24b passes through the sec- 
" ond photomodulator 22b. the laser beam is further 
.modulated .with the* FM; signal- supplied :from?^ the 
iFM - modulator 43f-so:.that^ it is converted to ^ the 
laser- beani 24d carrying the ^series of • recording 
. codes, of. which:- waveform ;has a similarv figure , to 
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the series. pf, recording co<Se 36 stipvyn in Fig.~ 13. , 

The photo-resist 5 on tha^ recprdlng m 
disc 4 Js exposed to the Ijaser beann 24d. carrying 
the serjes pf recording ; codes, .^d. exppsed por- 
tions to become information pits which corres|Dpnd 
tq the series of recording .codes 36. are fprmed 
thereon. Thus, an information pit pattern is forrne,d. 
on the photQ-resist 5 by causing the photo-rps;ist 5 
to be developed. > i i ! 

From the recording master disc 4 provided with 
the phptp-resist 5 . haying the .information pit pat- 
tern, a stamper (not shown) is formed through 
predeternriined .^production processes.. The replica 
pf the inforjfnatipA pit -pattern is for^ed .on .a pply- 
carbonatOi substrate by injection-rnolding of poly- 
carbonate resin using; the stamper as a metal mold. 
Thus, the , CD 46 ' is obtained after the, polycar- 
bonate > substrate undergoes predetermiried pro- 
cesses. The shape of the information pit is . similar 
to that of the aforementioned first embodirn^nt. The 
different point is that shapes pf the inner and puter 
icqntours .8|. 8o pf .the information row 1 shown 'iry 
Fig. .5 are only replaced with. the envelopes 37y. 
,37l which are modulated . in FM in place of the 
single low frequency amplitude modulation. Thus, 
FM envelope-modulated , information signal 38 
^shpwn- in Fig. 13. - Th,us, >.dejteiile^ 
<prnitted. . I.,,. ... 

V V In summary, alorig. the , circumferentially ^ex- 
^^tended, infprnriatiqn pit^rqwSva wicfth pf each^ of the 
; ipfprmatipn, pitsjv , qt which -the Jnformation pit fows 
are composed, changed periodically , (FM) OTd 
, symmejrioally with rqspecti^^^^ center jine of 
. 4Bachrqf ;the information, pit rows. ^ ^ . . ; . ^ . ^ 
Al? to 4he, shape ^of infbrm.ation..pits, each of 

lengths of the. iriformation pits^ is determined^ by 
.high intensity time of the laser be^m 24d carrying 

the series of recording codes and each , of _the 
jjnteryals between, the. infqrmatipn pits is determined 
,by : ai;T| OFF time (below , the provided threshold 
Jevel),pf the laser .beam 24d, ^ 
ojr/ ^A; width of each of thejinformatipn pits is^^d^ 
. mined . by the, light intensity, d^ of the laser 

beam; 24d .cgu-rying.the,^^ of,xecordir}g codes 
. for irradiating the photo-resist S .on the recording 
....master disc,- 4..; ... .:ur-^-\; .s. . ^^..j-.^ 
- « , Referring tOiFig. rll, the laser team 24a; . cpi;i- 

tinuously ernitted fronri the laser beam oscillator 24 

is nipdulated in the, first phptomodulator 22a. with 

the waveform string supplied thereto as a first 
./ modulation signal, resulting jthe laser^ beam 24b 
..outputted ifrom the first phptomodulator 22a. The 

laser beam 24b Is further modulated jn the second 
^.-phptomodulator 22b with . the FM signal supplied 
..jtheretO; from the Fiyi rnodulator 43 as a second 
^. mpdula^tipn signal,, resu beam 24d 

outputted. from ^the second photornQdulatpr .22b. 

Intensity of the laser beam 24d changes as modu- 



lated according tp^^ the waveform string derived 
from the^ information signal. However, when the 
laser's high intensity periods are contemplated, an 
instantaneous laser power is subjected to an in- 

6 stantanepus, frequency of the FM signal,^ that is. the 
light iritensity distributions of the laser beanh 24d 
carrying the series of recording codes |s subject to 
change in response, to the instantaneous frequency 
of ..the FM signal, as the frequency of the FM signal 

,70 is much lower tharii the, frequency of the waveforrn 
signal. When such a, signal as recorded is detected 
in reproduction I a wavefornn of reproduction signal 
36 is observed as shovyh in. Fig. 13, which indicates 
that the intensity of the laser beam 24cl is rpodu- 

15 lated jargeiy by the low frequency FM signal gen- 
erated by the FM nnodulator 43, and is superposed 
(as an additional modulation) with the information 
signal 38, an ampiitude of which is defined by an 
upper envelope 37u and a lower envelope 37l, 

20 further, both the envelop^ 37u. 37l are FM modu- 
lation. 

In other words, the width , of each of the in- 
formation pits^ is changed according to the light 
intensity distribution of the 
25 ^ Next, a descriptipn Is given pf an outline of the 
reproducing deyice 45. i ' . 

" - ^>5^r, shown in Fig! 12. the jaser beam is con- 
stantly irradiated on the information pit rows of the 

,Cb,, 46 by , a laser elennent vyhich is one of the 
^30 ..cqmponents pt^ optical pickup 27. Reprpduction 
signal is obtained by the optical pickup 27 by 
detecting intensity, qhange of ref lectipn light,"6f the 
liaser beam corresponding to the ^^'^f^s^ of the 
informatipn bite. . L' . ' 

.35 4 , T^ is inputted to the RF 

; ariipHfier 28. After annplified, the reproduction sig- 
nal is outputted as a. w^ and is Input- 
ted to the decoder 31 after undergoing a waveform 

, eqijalization. and a discriminatirig process (riot 
shpwn),, , wherein . the wayefomi string has 

l^yi^ayeforms of t^ signal 38; haying the 

/enyeippes 37u,,.37l.^^ in Fig. 13 corresponding 
to the charge of the width of the above information 

. .pit rpw.. • , ^. . " ' 

,45 J* . r The waveform string is also inputted to the LPF 
.29- whefe the inform signal 38 is rernoved. In 

..Fig. ,j.14, there is shoyvn the detected signal 37 
haying p^assed through the LPF 29, which Is the 
same\wayeform as that of the FM modulatipn sig- 
. 50 nai / having the , predetermined carrier ' frequency 
used, for the ' modulati to produce the aforemen- 

, tioned series of reqording., codes. The detected 

, signals 37 having passpd through the LPF are 
taken out as the key information by the FM de- 
66 modulator 50. as the key information formerly, used 

..in the j recording process., , and is inputted to the 
microprocessor 32. ... 
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The waveform string is j decoded by causing 
the microprocessor 32 to verify contents of the key 
information and to' Control- the 'decoder 31 to per-, 
form an inverse conversion of the encoding per- 
formed in the recording. Thus, the digital "data are 5 
obtained, which are converted to sound signal by a 
D/A converter (riot shown). ' ' ' ' 

As seen from the 'above descViptioh, when the 
information pit row "has no" change of th^ width 
thereof, the waveform string is not decoded be- to 
cause of an. absence of the ~ key ihforrriiaition, thus 
the _data can hot" be reproduced^ ' \ . 

Further, in the base, where the jhfdfmation pits 
are reproduced'^ by using a ' conventional CD re- 
producing device, the r reproduction signals 'may be is 
obtained, but the sound signials . can not be ob- 
tained because of the absence of the key informa- 
tlon. . ; ' ' 

( A third embodiment oj the present irivention) 20 

Fig. 15 is a block diagram shbwir^ flows of 
' recordirig signals in a recording device of a third 
embodiment in the 'present inye^^^^ ■ 

' Referring to" Fig.- 15. *wherein"*llk^ 'reference - '25 
characters designate corresponding parts. A ref- 
erence charadter ^O designates * a re^ de- 
' . vice, 62 k photbmodulaVo^^ inciudihg a semicb^^ 
ductbr jasiBrV62a a ias^^^^^ ai series 

" of recording codesVa^hd 64 a rewritabte optical ' 30 

Fo( instance,/a sound signal is converted into 
predetermined digital data by an A^D converter (rSpt 
shoyvn) and .the digital dataware Inputted to the 

\Wbqdef 21V these digital data' arS'convertJ^d Into a 35 
wavefoi'm string on the basis ; of predeterrtiihed 
conversion rules by tiie jbncodisr 21 1 ^Further, this 
waveform string |s bonvbrted into ia'wavefonrn stnhg 

'inhereritiy converted l3y a key Ynforrhatibn -^^^^ 
profit code separately iri^putted to' the encoder 21, '*'4o 

"'and 'the' converted wavefbirti ' string 'i^ durtputted 
therefrom. This wayeforhn String' is InjDutted tortile 

Vhotdmddulator 62. * * ^ ' ' '^''"''^ 

On the other harid, the key inform ation'^rs' also 
inputted to the FG (fi'equency geneVaitbr)- 2ij. The '45 
FG 23 generates* a signaT'-'of 'slh'gle frequency ac- 
cording to the key inforVnatibh: the single *fre- 

"quency signal is ihputtecl to'^rie phbtorh6dulaf6r62. 

In the photomodulatof ' 62, the inputted 
waveform string and the inputted isignial frequency '^ 50 
signalar^ .mixed and rhodCriated a 'driving currefnt 
of the semiconductor laser ' incorporated in ' the 
photomoduiator 62 to produce a laser beahn 62a 

' intensity modulated accbrdihigly. As predetermined 

' portions of the rewritable" optical dlsc **64 aire irradi- • 55 
ated by' thus modulated laser beam 62ai'the series 
of recording codes 33 containing the ' information 
signal 35 having upper and lower envelopes 34U 



and "^^351- as ^bwn' in Figr'9v 'is^recbirijed In die 
rev^table optical disc' 64. * ^ " - a j 

' th^ shape of the information pit is similar 16 
thait 'ofthe first enibodiment,ihus the description 'i§ 
orriltted. ^ " * \ " ' ' ^* " ' " 

The 'reproduction of -the infornriatibn signals or 
thi^ sdund signal are * performed by using the re^ 
producing * device 25 and the sanrie reisUlt can bei 
obtained. • * • ' ' ' 

(A fourth embodiirnent of the 'present inventiony ' 

• Fig} 16' is ' a' block diagram showing flows of 
'recording 'signals^ ih*^ a "recording tlevice- of ^'a 
* ' fourth eitibodinrient in 'the present invention; ' 
■ " Referring now to' Fig. 16; wherein like refer- 
^ ehce characters designate' corresponding piarts. 
A reference charadter 61 designates a recordinjg 

* device, and 62b a laiseT beam carrying a series 
of Yecbrding codes. " " , ' 

' For instance; a souhd signal is converted into 
predetermined digital data by-^ah A/D- coriverter (hot 
shown) and the digital data are inputted to the 
encoder 21:= These digital data are converted' into^a 
waveform string on the basis of predeterrrlined 
conversibn rijies by the encoder 21: Further, this 
'waveform i^tring is converted into a wavefornri strihg 
inherently converted by a key informatiori of a 
protect code separately inputted to the encoder 21 
afnd *the" convert€id wavefonri^ string Is -outputted 
%eYeffbnKP'this'''wavefc^ mpOttod^^tO'the 
;photom6dulatbr'62:^ '^^ ^'^ -•T-^-^-^^ - 

' 'On the^bther hand, the ■ k^y inforrhatibn - is also 
inputted to the FM m6duiatbp43 J The FM ^fhodula- 
tbr 43 geriisrates the FM signals havmlg a predeter- 

* mined" carrier frequency - corresponding to the ^ key 
•infbfhn'ation. The- FM- signal is inputted' to -the 
'bhotbnribdulatbr'62: ■ ■ - --i^'^ ^- 3- ^ -i 

In" the; photorhbdulatbr"' -6^^^ tho inputted 
^waWform^ stVing -and^the'-^ FM' signal 'iare 

mixed and modulate a driving-currerit -of the <s^^ 
" cohductoi' laser ■ incorporated iri the phbtbrnodulator 
' 62 to- prbdude ■''a* laser *t)eam - 62b' iriitensity -rhodu- 
' lated accbrdingly! As pfedetermined-pdrtion df^the 
rewrita[ble optical- disc 64- are irradiated by thus 
modulated laser beam 62a, the series of recording 
codes -36 cdntalining the information siigiinal -38 hav- 
ing upper and' lowei' envelopes 37u "iancl STc'-^as 
shown in Fig.' 13, is ^recorded on 'the * rewritable 
optical disc 64._ ' ^ ■ • ' 

Thef shape of^the information F)lt is similar to 
'that of- the secorid* emtiodimeht, thus the descrlp- 
tioh is omitted. ' ' • . ^ ■ . * .* 
' -'The reproduction" of the information signals :or 
the sound sigharare' performed by using the re- 
producing device' 45 arid the' same result -as that -of 
' the second embodiirnent can be bbtaiiried: - 
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According to the optical disc of the present 
invention, digital data to be recorded in a form of 
concentric or spiral track turns having a predeter- 
mined pitch, are converted to a waveform string 
according to a predetermined encoding scheme 
defined by a key information, and a single fre- 
quency or FM modulated carrier signal is derived 
from the key information, then the waveform string 
carrying the digital data and the carrier signal are 
recorded optically on the optical disc as a series of 
pits forming the track turns with such a pit configu- 
ration that a width of the series of pits in a radial 
direction of the optical disc is deviated symmetri- 
cally with respect to a center of each track turn by 
being modulated by the single frequency or FM 
modulated carrier signal, where the maximum de- 
viation is smaller than the predetermined pitch, so 
that the digital data are prevented from reading out 
without having the key information for a purpose of 
illegal copy protection. 

According to the information recording appara- 
tus of the present invention using the above optical 
disc, the apparatus is composed of a converting 
device for converting digital data into a waveform 
string canrying the digital data according to a key 
information, a carrier generating device for generat- 
ing a carrier derived from the key information, and 
a modulating device for modulating a light beam 
with the waveform string carrying the digital data 
and the carrier in a form of recording code series, 
of which both envelopes are modulated by the 
carrier, and optically recording the recording code 
series on the disc as a series of pits on the disc. 

According to the information reproducing ap- 
paratus of the present invention using the above 
optical disc, the apparatus is composed of a first 
detecting device for optically detecting a series of 
pits on the disc and reproducing from the detected 
series of pits, a carrier and a waveform string 
carrying digital data, a second detecting device for 
recoverring a key information from the reproduced 
carrier, and a deconversion device for recoverring 
the digital data from the wavefonm string by using 
the key information recovered by the second de- 
tecting device. 

Accordingly, in the case where the information 
pits are reproduced by using a conventional re- 
producing device which lacks capability of reading 
a protect code, i.e., the key information contained 
in the recording signal, illegal copying is prevented. 

As an example, the information (protect code) 
referred to in this specification may be a frequency 
of the carrier in the case of single frequency car- 
rier, or a modulation frequency of the FM signal, 
however, a more sophisticated code modulated in 
the FM signal is also conceivable. 



Clalrns,..: :,->>,^ , . 

1-: : A copy protected optical disc optic^ly record- 
, ed' with digital data and a key information as a 
5 series of pits forming track turns of a predeter- 

, : rn.ined pitch on. the optical disc, the digital data 
being converted to a string of signal 
^ J waveforms . accordirig to . a . predetermined en- 
, r coding scheme defined by the key -information, 
10 : the key information being a form pf carrier 
, . signal modulating the string of signal 
waveforms carrying the digital.data in such a 
pit configuration that a width of the series of 
' , pits in a^ , radial direction of the , optical disc is 
76 deviated symmetrically with respect to a center 

, V of. each track turn, having a maximum width 
smaller than the predetermined pitch. 

2. A, copy protected optical disc claimed in claim 
20 c wherein the carrier signal; has a .predeter- 
mined single frequency. , v . : 

;3.: A copy protected optical disc clainned in claim 
2, wherein the key information is the predeter- 
25 i .v miried single frequency. „' , 

jfl. A-copy protected ;ppticaUdisc clairned in claim 
'iv^i .;1,/ wherein the,carri^r -signal is an FM ^signal 
opv ^ modulated witbithevkey information. 

e5. > . A copy protected optical disc .claimec! in.iClaim 
: a ^/,1,, wherpinathe.carrter signal is. an FM .signal 
derived from the, key information, j | 

r>;35 xfii v A.copy projected optiGal disc recording ap- 
J . paratus comprising: ; ^ - 

-pi; ^ i^T / means forjeceiying digital data ar^d-a key 
">/!jji5'infprmation;..j • v 4 

v^crr ^ means for converting the digite^l data into a 
o 40 string of signal waveforms according, to a pre- 

: determined encoding .scheme defined by the 
^ key information; - f r : ,iv . : 

:il ,t u:^; : - means for generating .a carri^^^ hav- 
- u' : -ing a predetermjned relationship vyith the key 
o^45 .^.u *; itiforrnation;,and > 

;o i '^c , means for modulating a light beam with 
the string of signal waveforms carrying the 
digital data together with the carrier signal pro- 
ducing a series of recording codes, wherein 
; 60 both envelopes of the series of recording 

codes are modulated by the carrier signal, and 
for optically recording the series of recording 
codes thus modulated as a series of pits on an 
disc to be copy protected. 

66 

7- A copy protected optical disc reproducing ap- 
paratus comprising: 

first detecting means for optically detect- 
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ing and reproducing a series of recording 
codes recorded as a series of pits on a copy 
protected optical disc; and a carrier signal- car- 
rying a key information and 'modulating both 
envelopes of the series of recording codes; i 

second detecting means for detecting the 
key information from 'the carrier signal; and 

decoding means 'for- decoding digital data 
contained in the series of i'ecording codes in a 
siring form' of signal waveforms by using the to - i - 
key information detected by the second de- • • 

tooting' means. • " V" - - • ' >' *-* * 



•ft 



a" copy protected optical disc recording and 
* ''rocbf ding apparatus cdmprisihg:* - >5 

means for receiving diigital data and a key 
information; ' '* • - - " ' 

moans for converting the digital data into a 
string of signal waveforms according to a pre- 
'detormined^ encoding schemie defined by the '20 
key information; " ' c • t ,1? . 

means for generating a carrier signal hav- 
ing ^ predeteririihed relatiortship* with the key 
informlation; - ^- ^' v * * >. :, • ' ^ 

means for modulating -a light beam with '-^5 
the string of signal waveforms carrying the 
digital data together with*^^ the tairfier signal pro- 
'dilcirig 'a Wries of Trecording eodes;^' wherein fr? . * 

both envelbjpes^' of*' th^^-'series'^^^^^ - - 

codes are modulated by the carrier signal, and uao ' 
= for optically '^recording 'the'-s^^^^^ of recording ^ i 

codes thus modulated as' a series of pits on an > , . 

disc to be copy (Drotected; ■ ' > ^ * ' - /-'^'^^ 

first detecting means for optically detect- 
'Mng^and reproducing a ''series of recording «^»35 
codes recorded as the series of pits' on the 
copy protected' "optical- disc? ahd'^a-^te^ sig- 
nal carrying the key information and modulat- 
ing -both- envelopes -of ^ the series of= recording 
codes; ■ ^ .^u ./>'V tok -^cf ^- 0'»40 
\ ' second' detecting ' means for detecting the 
key information from the earner siQrial; "and 
' ' deeding means for decoding tligital data 
contained In the 'series of recording codes in a 
string form of signal waveforms by =*u$ing the ^^45 
key "inforrhation * detected >by the second de- 
>.tectihg means. • • ' ' » 
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